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REMARK/DISCUSSION OF ISSUES 

The Applicant thanks Examiner Reis for acknowledging the claim for priority 
and receipt of certified copies of all the priority documents. 

In the Non-Final Office Action, Examiner Reis rejected pending claims 1-9 on 
various grounds. The Applicant responds to each rejection as subsequently recited 
herein, and respect^lly requests reconsideration and further examination of the 
present application under 37 CFR § 1.1 12: 

A. Examiner Reis objected to pending claims 3 and 6 for the inclusion 
of informalities 

The Applicant has amended claim 3 herein to establish an antecedent basis 
for '^said adhesive'^ and amended claim 6 herein to establish an antecedent basis for 
"the bumps*'. Withdrawal of the objection of claims 3 and 6 is therefore 
respectfiiliy requested. 

B. Examiner Reis rejected pending claims 1-4, 6-8 and 12 under 35 

IJ.S.C. § 103(a) over U.S. Patent No. 6,292,528 to Wieczoreket aL in 
view of U.S. Patent No. 6,420,213 to Nakajyo et al. 

The Applicant has thoroughly considered Examiner Reis' remarks concerning 
the patentability of claims 1 -4, 6-8 and 1 2 over Wieczorek in view of Nakajyo. The 
Applicant has also thoroughly read Wieczorek in view of Nakajyo, The Applicant 
respectfully traverse this rejection of claims 1-4, 6-8 and 12, because Examiner Reis 
has &iled to establish a prima facie case of obviousness as required by MPEP §2 143. 
Specifically, Examiner Reis has &iled to cite a suggestion or a motivation, in 
Wieczorek and Nakajyo to modify Wieczorek in view of Nakajyo to obtain the claimed 
invention as recited in independent claim 1. 

Specifically, independent claim 1 recites "wherein said intermediate layer (7\ 
contains at least two adhesives (A. B) of different consistency and spacers 15Y \ 
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Examiner Reis correctly recognizes that Wieczorek iczichts each limitation of claim 1 
except for the aforementioned limitation of claim 1 , and that Nakajyo discloses the 
aforementioned limitation of claim 1 . Examiner Reis therefore asserts that it would 
have been obvious to one of ordinary skill in the art at the time the invention was 
made to add the second adhesive and stub bumps/spacers disclosed by Nakajyo to the 
adhesive layers disclosed by Wieczorek in order to create a strong physical and 
electrical bond between the scintillator and the CMOS chip, and between the CMOS 
chip and the ceramic basic element. 

The Applicant traverses this assertion by Examiner Reis, because the mere (act 
that Wieczorek can be modified in view of Nakajyo to obtain the claimed invention as 
recited in independent claim I does not render the resultant nuxlincation obvious 
unless the prior art aiso suggests the desirability of the combination. See, In re Mills, 
916 F.2d 680, 16 US?Q2d 1430 (Fed. Cir. 1990) (Claims were directed to an 
apparatus for producing an aerated cementitious composition by drawing air into the 
cementitious composition by driving the output pump at a capacity greater than the 
feed rate. The prior art reference taught that the feed means can be run at a variable 
speed, however the court found that this does not require that the output pump be run 
at the claimed speed so that air is drawn into the mixing chamber and is entrained in 
the ingredients during operation. Although a prior art device "may be capable of 
being modified to run the way the apparatus is claimed, there must be a suggestion or ^ 
motivation in the reference to do so," 916 F.2d at 682, 16 USPQ2d at 1432.). also 
In re Fritch, 972 F.2d 1260, 23 USPQ2d 1780 (Fed. Cir. 1992) (flexible landscape 
edging device which is conformable to a ground surface of varying slope not 
suggested by combination of prior art references). 

The basis for Examiner Reis' assertion is that Nakajyo suggests the 
desirability of the combination by offering a strong physical and electrical bond 
between the scintillator and the CMOS chip, and between the CMOS chip and the 
ceramic basic element. However, Examiner Reis CAN NOT assume the adhesive 
layer of ffVeczorefcdoes not provide a stronger physical and electric bond between the 
scintillator and the CMOS chip, and between the CMOS chip and the ceramic basic 
element than the physical and electric bond between the scintillator and the CMOS 
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chip, and between the CMOS chip and the ceramic basic element that would be 
provided by the second adhesive and stub bumps/spacers of Nakajyo. This is 
particularly true in view of the fict that neither Wieczoreknox Nakajyo describes an 
absolute strength of the physical and electrical bond provided by their adhesives or 
describes a relative strength of the physical and electrical bond provided by their 
adhesives as compared to other bonding techniques. 

Thus, Examiner Reis fails to provide a suggestbn or a motivation to modify 
Wieczorek in view of Nakajyo as proposed by Examiner Rets. Withdrawal of the 
rejection of independent claim 1 under §103 (a) as being unpatentable over Wieczorek, 
in view of Nakajyo is therefore respectfully requested. 

Claims 2-4, 6-8 and 12 depend firom independent claim 1. Therefore, 
dependent claims 2-4, 6-8 and 12 include all of the elements and limitations of 
independent claim 1 . It is therefore respectfully submitted by the Applicant that 
dependent claims 2-4, 6-8 and 12 are allowable over Wieczorek, in view of Nakajyo 
for at least the same reason as set ibrth herein with respect to independent claim 1 
being allowable over Wieczorek, in view of Nakajyo, Withdrawal of the rejection of 
dependent claims 2-4, 6-8 and 12 under U.S.C. §1 03(a) as being patentable over 
Wieczorek, in view of Nakajyo is therefore respectfully requested. 

Furthermore, the Applicant asserts that Wieczorek, Nakajyo and the remaining 
art of record, alone or in combination, feil to disclose, teach or suggest " said first 
intermediate layer (2) including a first spacer (S> in contact with said ceramic basic 
element (4) and said CMOS chip (3), a first adhesive (Al) adhered to said ceramic 
basic element (4) and said CMOS chip (3). and a second adhesive (B) adhered to said 
ceramic basic element (4^^ and said CMOS chip f3V * as recited in new independent 
claim 13. An allowance of new claims 13-16 is therefore respectfiilly requested. 

C- Examiner Reis rejected pending claim 5 under 35 U.S.C. §103(a) 
over U.S. Patent No. 6,292,528 to Wieczorek ct ah in view of U.S. 
Patent No. 6,420,213 to Nakajyo et al and in further view of U.S. 
Patent No. 6,063,688 to Doyle ^ al. 
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SUMMARY 

Examiner Reis' objection and rejection of pending claims 1-8 and 12 have 
been obviated by the remarks herein supporting an allowance of claims 1-8 and 1 2 
over Wieczorek in view ofNakajyo. The Applicant has also supported the 
patentability of new claims 13-16 over the art of record. The Applicant respectfully 
submits that claims 1-8 and 12 as amended herein and new claims 13-16 as added 
herein fully satisfy the requirements of 35 U-S.C. §§ 102, 103 and 112. In view of the 
foregoing, favorable consideration and early passage to issue of the present 
application is respectfully requested, if any points remain in issue that may best be 
resolved through a personal or telephonic interview. Examiner Reis is respectfully 
requested to contact the undersigned at the telephone number listed below. 

Dated: September 12, 2003 Respectfully submitted. 



Ralf Forscheid et aL 



U.S. PHILIPS 

580 White Plains Road 

Tarrytown, New York 10591 



John F. Vodopia 
Registratbn No. 36,299 
Attorney for Applicant 



Phone: (914) 333-9606 
Fax: (914)332-0615 




1603 Orrington Avenue 
Evanston, Illinois 60201 
Phone: (847) 905-7111 
Fax: (847)905-7113 



CARDINAL LAW GROUP 
Suite 2000 



Darrin Wesley Harris 
Registration No. 40,636 
Attorney for Applicant 
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D e t e ctor for the det e ction of e lectromagnetic radiation 

DETECTOR FOR THE DETECTION OF ELECTROMAGNETIC RADIATION 

BACKGROUND OF THE INVENTION 
The invention relates to a detector for the detection of electromagnetic radiation, 
which detector includes at least one scintillator, at least one CMOS chip and one ceramic 
basic element, a respective intermediate layer being provided each time between the 
scintillator and the CMOS chip and between the CMOS chip and the ceramic basic element. 
5 Further aspects of the invention concern the manufacture of such a bubble-free intermediate 

layer and the manu&cture of a detector that is provided with such an intermediate layer. ./r j^^j 

Detectors of this kind are used to convert, for example. X-rays into radiation in the 
visible range, for example, in X-ray examination apparatus. 

Detectors for, for example. X-ray eTcamination apparatus are customarily constructed 
1 0 in combination with scintillators, CMOS chips and a ceramic basic elementi where the light 
emitted by the scintillator is then detected by the photosensor device that is provided on the 
CMOS chip. 

The uniformity of the width of said the intermediate layer between the scintillator 
and the CMOS chip has a significant effect on the detection accuracy of the detector and 

1 5 hence on the overall image quality of the X-ray examination apparatus. Air inclusions in the 
intermediate layer have a negative effect on the detectbn accuracy of the detector. 

JP 09054162 A discloses an X-ray detector in which a transparent intermediate layer 
that consists of a cured adhesive is provided between the region of the scintillator and the 
region of the photosensors. 

20 The gap width of the intermediate layer is determined by a spacer? fH In particular^ an 

adhesive tape is used to enhance the uniformity of the gap width. In a preferred embodiment 
of the invention^ the region of the scintillator and the region of the photosensors are 
positioned so as to extend perpendicularly to one another and the adhesive is introduced from 
above while utilizing the capillary effect and the force of gravity, a spacer being provided at 

25 the lower end of the gap. Such positioning at right angles is very complex from a point of 
view of technical industrial manufacture, because manufacturing processes of this kind often 
are economically carried out in the horizontal plane. When an adhesive tape is provided at 
the lower end of the gap as described above, the capillary effect that is necessary for 
complete introduction is partly limited so that the desired complete expulsion of air is not 
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possible. Capillary forces can regularly be encountered only in open systennsi where this 
occurs only conditionally at the lower end of the gap in the described arrangement. The 
handling of the described spacer also presents a problem, that is, notably the application of an 
adhesive tape in an environment with dimensions in the jim range. 

5 

SUMMARY OF THE INVENTION 
It is an object of the invention to realize a detector that is provided with one or more 
intermediate layers that achieve a high degree of uniformity of the gap width and can be 
manufactured in large numbers at acceptable costs. It is also an object of the invention to 

1 0 provide methods of manufacturing ^said the intermediate faycrs and of industrial ly 
manufacturing detectors at acceptable costs while utilizing said the methods. 

The object is achieved in that the detector for the detection of elearomagn^ic 
radiation consists of at least one scintillator, at least one CMOS chip and one ceramic basic 
element, that a respective mtermediate layer that is defined in respect of its gap width 5s 

1 5 arranged each time between the scintillator and the CMOS chip and between the CMOS chip 
and the ceramic basic element, and that said flie Intermediate layer contains at least two 
adbesives (A, B) of different consistency. 

The detector, being used notably as an X-ray detector or as a d^ector for computed 
tomography apparatus (CT apparatus), includes an intermediate layer that is realized notably 

20 as an adhesive. The use of an adhesive for the intermediate layers ensures that reliable bonds 
are obtained that are mechanically and thermally stable. 

The desired defined gap width of the intermediate layer is obtained notably by the 
appropriate choice of the spacers. Spacers in the sense of the invention are components that 
serve exclusively for realizing the desired spacing, for example wires, or components that are 

25 otherwise functionally necessary and whose dimension may have been chosen especially for 
this purpose, tor example, bumps that are present on the CMOS chip. The desired respective 
gap width can be simply realized by an appropriate choice of the dimensions of the spacer. 
Use is preferably made of a commercially available wire having a circular cross-section. 
Wires of this kind can be readily purchased at low costs and in standard sizes of from 1 5 to 

30 75 Jim in the preferred materials such as Au and AlSil. On the other hand, the bumps can be 
realized by means of customary methods so as to take into account the desired height, thus 
enabling technologically simple realization of the desired dimensional accuracy. The spacers 
or the bonding points for the adhesive (A) are preferably provided in areas that do not 
essentially influence the fiinction of the detector, for example, in optically inactive regions on 
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the CMOS chip. No additional sur&ce area is required for said the placement and use of very 
small quantities of the adhesive (A), the main objective of the use of the adhesive (A) being 
achieved nevertheless. This adhesive serves for the fast fixation of the desired uniform gap 
width while utilizing a minimum amount of materials for this purpose. 
5 Commercially available epoxy resin, cyanoacrylate or acrylate adhesives that can be 

easily applied and cured quickly can be used as the adhesive (A) for this application in 
accordance whh the invention. 

The adhesive (Al) is electrically conductive so as to enable dissipation of charges 
from the rear of the CMOS chip. 

10 In order to achieve an as small as possible gap width, at least some quantities of the 

adhesive (Al), notably on the adhesive points, are applied directly to the rear surfaces of the 
CMOS chip as well as to the ceramic basic element. In that case a plurality of spacers are 
arranged directly between the surfaces of the CMOS chip and the ceramic basic element, that 
is notably without quantities of the adhesive (Al) commg into contact therewith. 

1 5 Furthermore, at least some quantities of the adhesive (A2) arc applied to the surface 

of the scintillator as well as to the bumps present on the CMOS chip. 

The adhesive (B) in accordance with the invention is a low-viscosity 2-component 
adhesive, preferably on an epoxy resin basis, that has a refractive index > 1 .5 and enables 
low-loss transmission of light in the wavelength range of from 450 to 550 nm. This adhesive 

20 (B), providing the major part of the adhesive force in the intermediate layer, does not age 
significantly under the influence of electromagnetic irradiation, that is, not even over 
prolonged periods of time. Suitable flow behavior is required notably so as to ensure reliable 
filling that is complete and free from bubbles. The curing of the adhesive (B) can be 
advantageously adapted to the thermal loadability of the contact partner. 

25 The object of the invention is also achieved by m e ans of a method of forming an 

intermediate layer between a CMOS chip and a ceramic basic element, where spacers and 
quantities of an adhesive (Al) are applied to the surfece of the ceramic basic element during 
the first step, where the applied quantities of an adhesive (Al) project from the spacers* 
where subsequently the CMOS chip is placed on said the quantities and is bonded and fixed 

30 while resting on the spacers and quantities of the adhesive (Al ), and where during a second 
step the gap remaining between the CMOS chip and a ceramic basic element is completely 
filled with an adhesive (B) which is applied to a side of the CMOS chip in the horizontal 
position and enters the gap under the influence of capillary forces and is subsequently 
allowed to cure. 
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The object of the invention is also achieved by m e ans of a method of forming an 
intermediate layer between a scintillator and a CMOS chip, where at least quantities of an 
adhesive (A2) are applied^ during the first step, to the bumps that are provided in optically 
inactive regions of the CMOS chip surface, after which the scmtillator is arranged on the 
5 bumps and is bonded and fixed while resting on the bumps and on the quantities of the 

adhesive (A2), and where in a second step the gap remaining between the scintillator and the 
CMOS chip is completely filled with an adhesive (B) which is applied to a side of the 
scintillator in the horizontal position and enters the gap under the influence of capillary forces 
and is subsequently allowed to cure. 

1 0 . The invention also relates to an X-ray examination apparatus which inc hides at least 

one detector for the detection of electromagnetic radiation, at least one scintillator, at least 
one CMOS chip and one ceramic basic element, a respective intermediate layer that is 
defined in respect of its gap width being applied each time betv^een the scintillator and the 
CMOS chip and between the CMOS chip and the ceramic basic element, said the 

1 5 intermediate layer containing at least two adhesives (A, B) of different consistency and 
spacers. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Embodiments of the invention will be described in detail hereinafter with reference to 
20 the drawing. Therein: 

Fig. 1 is a diagrammatic side elevation of a part of a detector 1 with an intermediate 
layer 2 provided between a CMOS chip 3 and a ceramic basic element 4, and 

Fig. 2 b a diagrammatic side elevation of a part of a detector 1 with an intermediate 
layer 2 provided between a scintillator 6 and a CMOS chip 3. 

25 

DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENT 
Fig. 1 shows a part of a detector 1 that is provided with an intermediate layer 2 
between a CMOS chip 3 and a ceramic basic element 4 after completion of the execution of 
the method of manufacturing an intermediate layer of this kind. This result is achieved by 
30 means of the following steps that form part of an industrial manufacturing process. 

Spacers 5 that in this case consist of Au and have a diameter of 30 \im are arranged on 
the surface of the ceramic basic material 4, consisting of a bondable material such as AgPt, 
by means of a customary standard technique. Adjacent these two wires, extending parallel to 
the direction of flow of the adhesive (B)» four quantities of the adhesive (Al) are deposited. 
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without cx>ntacting the wires, said ti^ adhesive in this case being a conductive 2-component 
epoxy resin adhesive that cures comparatively quickly, said the deposition being performed 
by m e ans of a commercially available dispenser. The quantities of the adhesive (Al) are 
droplets that project approximately 40 ^im from the surface of the ceramic basic element 4. 
5 The CMOS chip 3 is moved to the desired, accurately defined position over the ceramic basic 
element 4 so as to be positioned horizontally by m e ans of a semi-automatic positioning 
device that notably utilizes customary measuring and positioning means and data techniques. 

After the positioning, where the CMOS chip 3 first contacts the surface of the 
droplets of the adhesive (Al ), the CMOS chip 3 will bear on the spacers 5 only under the 
10 influence of the force of gravity. The droplets of the adhesive (Al), then being in contact 
with the ceramic basic element 4 as well as with the CMOS chip 3, are cured in this position. 

After the curing, preferably under the influence of heat as can take place in a Flip 
Chip Bonder, the desired and accurately defined gap with a gap width of approximately 30 
^m will have been realized in a mechanically stable manner. 
IS Subsequently, the adhesive (B) is introduced laterally and without bubbles into the 

gap by m e ans of a dispenser, that is, from one side of the CMOS chip 3 only; the entire 
assembly, that is, notably the components of the intermediate layer 2 of the CMOS chip 3 and 
the ceramic basic element 4 has been heated to 80 ^C in advance. The adhesive (B), whose 
viscosity is adapted to the required flow behavior, completely fills the gap (without air 
20 inclusions) under the influence of capillary forces. The adhesive (B) forms a respective 
meniscus at the other three openings of the gap, but does not emanate therefrom itself 
Because of their small dimensions, the cured droplets of the adhesive (Al) that are present in 
the gap and the spacers do not have a significant effect on the flow behavior and on the 
formation of air inclusions. After the curing of the adhesive (B) while applying small 
25 amounts of heat, that is, 60 X for approximately 2.S hours, there will be obtained a stable 
intermediate layer 2 that ensures the necessary long-term stability. 

Fig. 2 shows a part of a detector 1 that includes an intermediate layer 2 that is present 
between a CMOS chip 3 and a scintillator 6 after completion of the execution of the method 
for forming an intermediate layer 2 of this kind. This resuh is obtained by m e ans of the 
30 following steps that form part of an industrial manu&cturing process. 

In optically inactive regions on the CMOS chip 3 there are provided spacers 5 that 
have a height of approximately 30 \im; they are referred to as bumps and in this case are 
made of NiAu. Using customary techniques, these bumps are accurately proportioned in 
respect of height so as to achieve the desired height of the gap of the intermediate layer 2. 
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Droplets of the adhesive (A2) are applied only to the tips of individual bumps that regularly 
occupy a surface area of approximately 40 x 40 jim. The adhesive (A) is a comparatively fast 
curing adhesive that can be readily deposited by m e ans of commercially available dispensers. 
The scmtillator 6 is moved to the desired accurately defined position over the CMOS chip 3 
5 so as to be positioned horizontally by m e ans of a semi-automatic positioning device. After 
the positioning, where the scintillator 6 first contacts the surface of the droplets of the 
adhesive (A2), the scintillator 6 will hear horizontally on the spacers 5, that is, exclusively 
under the influence of gravity. The droplets of the adhesive (A2)» then being in contact with 
the scintillator 6 as well as with the bumps, are cured in this position. After the curing, 

1 0 preferably under the influence of heat as can take place in the bonder, the desired and 

accurately defined gap with a gap width of approximately 30 ^m will have been realized in a 
mechanically stable manner. Subsequently, the adhesive (B) is introduced laterally and 
without air bubbles into the gap by moons of a dfepenser, that is, from one side of the CMOS 
chip 3 only. The adhesive (B), whose viscosity is adapted to the required flow behavior, 

15 completely fills the gap (without air inclusions) under the influence of capillary forces. The 
adhesive (B) forms a respective meniscus at the other three sides of the gap, but does not 
emanate therefrom itself Because of their small dimensions* the spacers 5 that are present in 
the gap do not have a significant effect on the flow behavior and on the formation of air 
inclusions. In the case of gap heights amounting to less than SO ^m, spacers S or cured 

20 quantities of the adhesive (A2) that occupy a sur&ce area of more than 100 x 100 ^m cannot 
be circumvented without giving rl<;e to the risk of undesirable formation of air inclusions. 
After the curing of the adhesive (B) while applying small amounts of heat, that is, 60 for 
approximately 2,5 hours, there will be obtained a stable intermediate layer 2 that ensures the 
necessary long-term stability, 

25 While the embodiments of the invention disclosed herein are presently considered to 

be preferred various changes and modifications can be made without departing firom the 
spirit and scope of the invention. The scope of the invention is indicated in the appended 
claims, and all changes that come within the meaning and range of equivalents are intended 
to be embraced therein. 
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ABSTRACT: 



The invention relates to a detector for the detection of electromagnetic radiation^ 
which detector includes at least one scintillator (6), at least one CMOS chip (3) and a ceramic 
basic element (4), a respective intermediate layer (2) that is fiee fiom bubbles and defined in 
respect of its gap width being provided each time between the scintillator (6) and the CMOS 
5 chip (3) and between the CMOS chip (3) and the ceramic basic element (4), m4 the 

intermediate layer (2) containing at least two adhesives (A, B) of different consistency and 
spacers (S). 
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